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Proton-proton total and elastic cross sections are considered in the Dakhno-Nikonov eikonal model
[L.G. Dakhno, V.A. Nikonov, Eur. Phys. J. A8, 209 (1999)] at ultra-high energies. The model takes
into account the quark structure of hadrons and the gluon structure of the supercritical pomeron
that results in colour screening. The pomeron is considered as an input interaction term. The model
gives a reasonably good description of the preLHC and LHC data for pp collisions with a growth of
the type ln2 s for total and elastic cross sections and (τ = q2⊥ ln
2 s)-scaling for diffractive scattering.
We present parameters of the supercritical pomeron and provide predictions for the energy region√
s ∼ 102 − 104 TeV.
PACS numbers: 13.85.-t, 13.75.Cs, 14.20.Dh
I. INTRODUCTION
The observed growth of total cross sections at preLHC
energies [1] initiates studies of corresponding models such
as that with a maximal increase allowed by the Froissart
bound [2] or with ”heretical” power-s behavior [3, 4]. The
s-channel unitarization of scattering amplitudes actual-
izes the use of the Glauber approach. On account of the
s-channel rescatterings the power-s growth of amplitudes
is dampened to the (ln2 s)-type, see, for example, [5–7].
The eikonal method for the s-channel high-energy uni-
tarization of the scattering amplitude was used in the
Dakhno-Nikonov model [8]. The model takes into ac-
count the quark structure of colliding hadrons, the gluon
origin of the input pomeron and colour screening effects
in collisions. The model provided a satisfactory descrip-
tion of πp, pp, p¯p data for diffractive processes at preLHC
energies,
√
s ∼ 0.2− 1.8 TeV.
Recent measurements at LHC (ATLAS, CMS,
TOTEM collaborations) and cosmic ray data initiate fur-
ther interest to s-channel unitarized amplitudes, see, for
example, [9–13] and references therein.
In the present note we consider diffractive pp scatter-
ings in terms of the Dakhno-Nikonov model, concentrat-
ing our attention on the ultra-high energy asymptotic
behavior. We refit data taking into account new ones
in the TeV-region [14, 15]. According to the fit, this re-
gion is a pre-asymptotic one. The asymptotic behaviour
starts, actually, at 102 − 103 TeV.
For the ultra-high energy limit the Dakhno-Nikonov
model gives for total and elastic pp cross sections
a (ln2 s)-growth: σtot ∼ ln2 s and σel ∼ ln2 s.
The high energy cross sections (σel, σtot) are ap-
proaching their asymptotic values from bottom to top:
σtot(s)/σ
(asym)
tot (s) < 1; this gives the illusion of exceeding
the Froissart bound (though, let us emphasize, exceeding
the Froissart bound does not violate general constraints
for scattering amplitudes [16]).
The model tells that differential elastic cross sections
depend asymptotically on transverse momenta with real-
ization of τ -scaling (τ = q2⊥ ln
2 s):
dσel(τ)
dτ
= D(τ), with
∞∫
0
dτD(τ) = σel(s) ∼ ln2 s.
(1)
Formulae of the Dakhno-Nikonov model which are used
for the calculation of σtot, σel, dσel/dq
2
⊥ are given in the
next section. In section 3 we present results of the fit and
predictions for (102 − 104)-TeV region.
II. FORMULAE FOR DIFFRACTIVE
HADRON-HADRON SCATTERING
The model is based on the hypothesis of the gluon
origin of the t-channel forces, and these gluons form
pomerons. Hadrons, mesons (two-quark composite sys-
tems) and baryons (three-quark composite systems),
scatter on the pomeron cloud. It is supposed that the
pomeron cloud is materialized as a low-density gas, and
pomeron-pomeron interactions, as well as t-channel tran-
sitions P → PP , P → PPP and so on, can be neglected.
Consequently, the pp scattering amplitude is determined
by the set of diagrams shown in Fig. 1.
The pomerons are formed by effective gluons (G) which
are massive, ∼ 700 − 1000 MeV [17, 18]. The pomeron
parameter α′P is small α
′
P ≃ (0.10 − 0.25) GeV−2, that
means pomerons are comparatively heavy and hard [19].
The gluon structure of the pomeron provides colour
screening effects for hadron quarks [20].
Total and elastic cross sections of the model for collid-
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FIG. 1: Proton-proton collisions: (a)–(c) diagrammatic representation of the pp scattering amplitude as a set of s-channel
pomeron (P ) interactions; (d)–(h) pomeron-proton vertex and its deciphering: three pomeron-quark terms and three GGP
terms describe interaction of gluons (G) of pomeron with quarks of proton.
ing hadrons A and B are written as follows:
σtot(AB) = 2
∫
d2b
∫
dr′ϕ2A(r
′)dr′′ϕ2B(r
′′)
×
[
1− exp (−1
2
χAB(r
′, r′′,b))
]
,
σel(AB) =
∫
d2b
(∫
dr′ϕ2A(r
′)dr′′ϕ2B(r
′′)
×
[
1− exp (−1
2
χAB(r
′, r′′,b))
])2
,
4π
dσel
dq2⊥
(AB) =
∫
d2b eiq⊥b
∫
dr′ϕ2A(r
′)dr′′ϕ2B(r
′′)
×
[
1− exp (−1
2
χAB(r
′, r′′,b))
]
×
∫
d2b˜ e−iq⊥b˜
∫
dr˜′ϕ2A(r˜
′)dr˜′′ϕ2B(r˜
′′)
×
[
1− exp (−1
2
χAB(r˜
′, r˜′′, b˜))
]
. (2)
Here drϕ2A(r), drϕ
2
B(r) are the quark densities of collid-
ing hadrons:
drϕ2pi(r) = d
2r1d
2r2δ
(2)(r1 + r2)ϕ
2
pi(r1, r2),
drϕ2p(r) = d
2r1d
2r2d
2r3δ
(2)(r1 + r2 + r3)ϕ
2
p(r1, r2, r3),
(3)
where ra are the transverse coordinates of quarks, and
ϕ2A, ϕ
2
B are given by quark wave functions squared in-
tegrated over longitudinal variables. Proton and pion
quark densities are determined using the corresponding
form factors; such an estimation can be found, for ex-
ample, in [21]. The profile-function χAB describes the
interaction of quarks via pomeron exchange as follows:
χAB(r
′, r′′,b) =
∫
d2b′d2b′′δ(2)(b− b′ + b′′)
× SA(r′,b′)SB(r′′,b′′). (4)
Functions SA,B stand for the pomeron-quark interac-
tions; they are determined by the diagrams with different
couplings of the pomeron quarks:
Spi(r,b) = ρ(b− r1) + ρ(b− r2)
− 2ρ(b− r1 + r2
2
) exp(− (r1 − r2)
2
4r2cs
),
Sp(r,b) =
∑
i=1,2,3
ρ(b− ri)
−
∑
i6=k
ρ(b− ri + rk
2
) exp(− (ri − rk)
2
4r2cs
). (5)
The term ρ(b − ri) describes the diagram where the
pomeron couples to one of the hadron quarks while the
terms proportional to exp(−r2ij/r2cs) are related to the
diagram with the pomeron couples to two quarks of the
hadron. Such a diagram is a three-reggeon graph GGP
where G is the reggeized gluon. Functions Spi and Sp
tend to zero as |~rij | → 0: this is the colour screening phe-
nomenon inherent to gluonic pomeron. For the sake of
convenience, one can perform calculations in the center-
mass-system of the colliding quarks, supposing that the
hadron momentum is shared equally between its quarks.
Then
ρ(b) =
g
4π(G+ 12α
′
P ln s)
exp
[
− b
2
4(G+ 12α
′
P ln s)
]
, (6)
where the vertex g depends on the energy squared of the
colliding quarks, sqq:
g2 = g20 + g
2
1
(
sqq
s0
)∆
. (7)
3Below s0 = 1 GeV
2. The parametrization of g2 cor-
responds to the two-pole presentation of the QCD-
motivated pomeron with intercepts α(0) = 1 and α(0) =
1 +∆.
Let us consider pp scattering, specifically, the term
with qq interaction, see Eqs. (4), (6):
χ(qiqj)pp (r
′, r′′,b) =
∫
d2b′d2b′′δ(2)(b− b′ + b′′)
× g
π(4G+ 2α′P ln s)
exp
[
− (b
′ − r′i)2
4G+ 2α′P ln s
]
× g
π(4G+ 2α′P ln s)
exp
[
− (b
′ − r′′j)2
4G+ 2α′P ln s)
]
=
g2
2π(4G+ 2α′P ln s)
exp
[
− (b− r
′
i + r
′′
j)
2
2(4G+ 2α′P ln s)
]
. (8)
Equations depend on the transverse coordinates of
quarks, though the original expressions depend on the
fractions of the momenta of the colliding hadrons car-
ried by the quark, xi. In the functions Spi, Sp we put
xi = 1/2 for a meson and xi = 1/3 for the proton,
in other words we assume that hadron wave functions
ϕA(r, x) and ϕB(r, x) select the mean values of xi in
the interaction blocks. So, in the used equations we put
sqq = s/9 for pp collisions and perform the renormal-
ization of the value G by including the factor α′P ln 9
that can lead to G < 0. Of course, the slope parameter
2G+ α′P ln s should be positive in the region of applica-
tion of the model.
The Dakhno-Nikonov model is actually a realization
of the Good-Walker eikonal approach [22] for a continual
set of channels (each quark configuration with fixed co-
ordinates is a separate channel). Used in the model the
two-pole pomeron exchange is popular from the sixties
till now, see for example ref. [23].
III. FIT OF THE HIGH ENERGY pp DATA AND
PREDICTIONS FOR THE (102 − 104)-TEV
REGION
Figs. 2-4 demonstrate fit results of the diffractive scat-
tering pp data, including those at LHC energies [14] and
cosmic ray ones [15]. In Fig. 2 we show total and inelas-
tic cross sections, the fit gives a good approximation to
data at
√
s ∼ 50 − 5 · 104 GeV and a prediction for the
region
√
s ∼ 105−107 GeV. The same level of description
demonstrates us σel and the slope B, see Fig. 3.
In Fig. 4a we show dσel/dq
2
⊥ at ISR and LHC ener-
gies and their fit, and Fig. 4b demonstrates the profile
function T (b) determined as
σtot = 2
∫
d2b T (b) = 2
∫
d2b
[
1− e− 12χ(b)
]
,
4π
dσel
dq2⊥
= A2(q2⊥), A(q⊥) =
∫
d2beibq⊥T (b). (9)
Obtained in the fit the profile functions T (b), which
are given by Eq. (9), are shown in Fig. 4b for preLHC,
LHC and ultra-high energies. It is seen that the profile
function saturation mode, T (b)→ 1, works at ultra-high
energies (100−1000 TeV), at LHC energies the saturation
mode is only starting.
Parameters of the present fit and that of ref. [8] ap-
proximately coincide:
fit of ref. [8] this fit
∆ 0.29 0.273
g20 [mb] 8.079 8.106
g21 [mb/GeV
2∆] 0.338 0.379
α′P [(GeV/c)
−2] 0.25 0.129
G [(GeV/c)−2] -0.40 -0.365
r2cs [(GeV/c)
−2] 0.80 0.67
(10)
The only change is in the value of α′P , we observe the
decrease of α′P that means the slowing of the asymptotic
regime switch-on.
At ln s >> 1, when the asymptotic regime works, there
are well-seen two regions in the b-space (Fig. 4b): with
T (b) ≃ 1 (black disk) and T (b) ≃ 0 (transparent space).
Conventionally we determine these areas by constraints:
b2 < 4∆α′P ln
2 s
s−
, with T (b) > 0.97,
b2 > 4∆α′P ln
2 s
s+
, with T (b) < 0.03 (11)
The black disk area with radius
Rblack = 2
√
∆α′P ln
s
s0
,
√
s0 ≃ 80GeV (12)
reveals itself in the region of energies with the growth of
the cross sections.
The black disk radius depends on parameters of
the leading pomeron (factor ∆α′P ) that is realized in
the Gribov’s equality of hadronic total cross sections
[24] at asymptotic energies: σtot(πp)/σtot(pp) → 1,
σtot(ππ)/σtot(pp)→ 1, and so on.
We perform unitarization of scattering amplitude sup-
posing it is originated by conventional pomerons though
other types of the input pomerons are possible as well as
non-pomeron short-range contributions (for example, see
[11, 25–28]). But here we concentrate our attention to pe-
ripheral interactions and its transformation with energy
growth. Small deviations of the fitting curves from data
can be easily improved with use some kind of short-range
contributions.
IV. CONCLUSION
The twofold structure of hadrons – hadrons are built by
constituent quarks and the latter are formed by clouds of
partons – manifests itself in hadron collisions. At moder-
ately high energies colliding protons reveal themselves in
the impact parameter space as three disks corresponding
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FIG. 2: a) Total and b) inelastic cross section data [1, 14, 15] and fit in the Dakhno-Nikonov model.
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FIG. 3: a) Elastic cross section and b) diffractive cone slope B determined as dσel/dq
2
⊥ = Bσel exp(−Bq2⊥) . Results of the fit
are given by solid curves.
to three constituent quarks, Fig. 5a. At ultra-high en-
ergies the situation is transformed to a one-disk picture,
Fig. 5c, and the energy of this transformation is that of
LHC. The radius of the black disk at asymptotic energies
is increasing as ln s that provides a ln2 s growth of σtot,
σel with σel/σtot → 1/2 and a τ -scaling for diffractive
cross sections.
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